Besides the well-established fact towards the requirement of market based instrument, there is always been a doubt, as expressed by different bodies, on the usefulness and suitability of futures contract in developing the underlying agricultural commodity market, especially in agricultural based economy like India. Therefore, an attempt has been made to re-validate the impact of futures trading on agricultural commodity market in India. The daily price information in spot and futures markets, for a period of 7 years (2004 -2010), for 9 major agricultural commodities, taken from different categories of Agri-products, are incorporated into various econometric models to test the concerned objective. Like most of the other studies undertaken on world and Indian commodity market, the present study have also exhibited that even though the inflationary pressure on commodity, especially agricultural commodity, prices have gone up sharply after the introduction of commodity futures contracts, the destabilizing effect of the futures contract is casual in nature and tends to vary over a long period of time. The empirical findings significantly shows that comparative advantage of futures market in disseminating information, leading to a significant price discovery and risk management, that can again help to successfully develop the underlying commodity market in India. Therefore instead of curbing the commodity futures market, it can always be suggested to strengthen the market structure to achieve the broader target.
I. INTRODUCTION Indian Economy and Role of Agricultural Commodity
It is well-known that commodities are the foundation of the economies of most developing countries by way of providing food, creating income-generating opportunities and export earnings to the people directly involved in agricultural activities. Like others, Indian commodity sector has also been experiencing tremendous surge towards a more sophisticated structure during the last decade. Being a key sector, occupying almost 17% share (at constant price of 2004-05) of India's Gross Domestic Product (GDP) during 2009-10, Agriculture and Allied sectors plays a very important role in the Indian economy. Therefore, unlike of other countries all over the world where the share of that specific sector in their respective GDP is quite marginal (except in some Asian countries like Pakistan, Bangladesh, Sri Lanka, Indonesia, China, Thailand, Malaysia, etc.), the growth of agriculture and allied sector has a significant role in the overall growth of Indian economy, as clearly depicted from Table T1 .
In most of the agriculture driven economy, it has been commonly observed that the agricultural policy (s) made by the Government tends to protect and promote the agriculture sector through different procurement and administered price mechanism. At the same time, in view of reduced direct support to agriculture under the Agreement on Agriculture with the World Trade Organization (WTO), there is a tremendous policy shift towards the market oriented approach.
Historically, the Government intervention is found at every stage of the marketing of major agricultural products. These includes, setting Minimum Support Prices for selected commodities, regulation of every activity of marketing such as transportation, storage, credit supply and international trading of these commodities, etc. But Government intervention has significantly declined after the initiation of liberalisation and economic reforms since 1991.
The impact of agricultural commodity is of great importance in the stabilization of Indian economy, as reflected through the share of primary articles, especially the food articles in derivation of the price indices (WPI and CPI) in India. The current weight of primary articles in 2004-05 series of WPI in India is 20.11815%, out of which the weight of Food and Nonfood articles are respectively 14.33709% and 4.25756%. On the other hand the weight of Food and Beverages in CPI in India is currently fixed at 47.13%. These facts clearly indicate the necessity of significant growth and stability of agricultural sector to foster the overall growth of Indian economy.
Derivatives and its Role in Commodity Market
Given the standing International Commodity Agreement, a regular attempts are made world wide to establish the necessity of managing the risk of agricultural market, rather the market itself. It has been clearly observed how the policy of market intervention and stabilization of agricultural commodity market have shifted towards policies that emphasized on the management of the concerned risk through market-based instruments. Prices of agricultural commodities are determined increasingly by market forces of demand and supply. Hence fluctuation in demand and supply of agricultural commodities is expected to result in high price risk for agri-business. Various studies such as Varangis (2002) , Morgan (2000) have strongly indicated that due to the radical transformation of commodity market policies in most of the Less Developing Countries (LDCs) from its original interventionist roots to market-based approaches would be able to successfully deal with commodity price risk and will bring the necessary market stability.
Application of several market-based instruments to deal with the commodity price risk basically focuses on the introduction of derivatives viz. futures and options contract on several commodities. In other words, it is widely proposed to setup an efficient derivative market for commodities to strengthen the agricultural market. It is internationally appreciated that if the derivative markets function adequately, some of the important policy goals regarding price volatility of agricultural commodities can be addressed in a market oriented manner. The basic need to trade in commodity derivatives in general and commodity futures in particular arises essentially to get the necessary support from any variation in the commodity prices. This is nothing but what we call Hedging. Hedging can be represented as just taking a required amount of counter position (Buy or Sell) in a standardized futures contract against the corresponding position (Sell or Buy) of the related underlying commodity. This counter positions in the futures contract help to offset the loss expected to incur from the adverse price movements of the underlying commodities. Therefore it is very important to develop futures and other forms of derivative trading in all commodities those are vulnerable to large and erratic price fluctuations. The growth in the production of principal crops in India over the last two decades, as tabulated in Table T2 , supports the requirement of such futures contract to facilitate the necessary growth in agricultural sector in India. Commodity futures also help to discover the future prices of underlying commodities.
This anticipation of commodity prices as on some future dates makes the underlying market more strong and vibrant. Therefore, commodity futures market is expected to have a built-in mechanism for stabilizing commodity prices which are otherwise prone to fluctuate in response to any swing in the demand and supply forces. But at the same time it is also important to ensure that the commodity futures market is free from any manipulations, which otherwise lead to price distortion and resist the market from performing an effective price discovery function. Table T3 summarizes the simultaneous growth of the whole Economy and also of the Agricultural sector with the growth in commodity futures trading in different countries or regions all over the world over the last decade Even if it was generally felt that the initiation of derivatives trading on commodities will successfully achieve its primary goal of managing the price volatility observed in the commodity market, especially after the withdrawal of regulators' intervention on agricultural commodities, the role actually played by such market-based instruments in different LDCs has come under a severe doubts among the market players.
History of Commodity Derivatives Market in India
Commodity derivative trading in India has a long but chequered history extending over more than a century. The long experience gained by India in regard to commodity derivatives are of two folds: experience during Pre-Independence era and Post-Independence.
India has experienced its first futures market for cotton at Mumbai in 1875.
Subsequently futures trading had started for oilseeds (Mumbai, 1900) , jute (Calcutta, 1912) , wheat (Hapur, 1913) and bullion (Mumbai, 1920) . After a few years of lackluster trading, the markets underwent rapid growth between the two World Wars. As a result, before the outbreak of the Second World War, a large number of commodity exchanges, trading futures contracts in several commodities such as cotton, jute, oilseeds, groundnut, wheat, rice, sugar, silver and gold, flourished at various locations across the country. But the Defence of India As a result of significant policy change, liberalization of world markets and other developments, Indian commodity markets notched up phenomenal growth in terms of number of products on offer, participants, spatial distribution and volume of trade. The cumulative value of commodity trading in India during April to December 2010, as reported by FMC, is 82.71 lakh crore with a growth of 49.66% from the same period in the last year. The overall growth of commodity futures market in India over the last decade can be depicted through Figure F1 . Even if the growth in all commodities is quite significant, the growth in agriculture commodities in India for the same period is found to be only 7.48%. Futures trading in India is currently permitted in 4 national level multi-commodity exchanges and 18 regional level commodity specific exchanges, and almost 200 different futures contract written on almost 100 commodities. Out of the total, number of agricultural commodities traded in national level exchanges is almost 28 to 30. In fact, there seems to be no limit to the number of commodities eligible to be traded in commodity exchanges, except the fact that the commodity should fulfill the criteria of becoming 'Goods' as defined in the Forward Contract Regulation Act (FCRA -1952) . In order to widen the scope of commodity futures trading in India, it has also been proposed to widen the definition of commodity through the necessary amendments in the concerned laws, and allows the exchanges to trade even on immovable and intangible assets like real estate, commodity price indices, rainfall, weather indices, carbon credits, etc.
Figure: F2
Source: Website of NCDEX Despite the fact that the national level exchanges, with a modern state-of-the-art technology with electronic online trading system, are eager to provide their facilities to the doorstep of the commodity market functionaries, the potential users, both hedgers and speculators, especially in agricultural commodities and their related products, seems to be reluctant to avail the services and facilities. This unsatisfactory growth of futures contracts in agricultural commodities in India, as depicted in the Figure F2 , has placed a great question mark on the benefits and feasibility of futures trading and labeled them as the fain factor of rising inflation in Indian economy. But at the same time, if the annual growth of derivatives (futures and options) on agricultural commodities in some of the other developed markets is taken into consideration, as figured in Figure F3 , then it will be very clear that the concerned growth is quite unstable in almost all the markets.
Therefore it has found to be very important for all agriculture sector participants, especially the farming community across the country, to understand the process of dissemination of spot and futures prices of agricultural commodities. As a result, after being 
Futures Trading and Price Movement of Agri Commodities in India -Critical Analysis
Giving due importance to the advantages of futures contract, the introduction of commodity futures are now becoming an important issue for the increasing rate of inflation in India and also for the volatile spot market, especially for the agricultural commodities.
As against the argument of Price Discovery, Hedging of Price Risk, Risk Sharing, etc. as the important functions of futures market, several arguments are also offered against the unbridled trade in the commodity future market in India. These are:
i. Possibility of future trading leading to a rise in spot prices and inflation;
ii. Possibility of future trading leading in driving up spot market volatility;
iii. Possibility of future trading not necessarily to be in transparent or costless manner The critics have widely pointed out that in the presence of any future bad news in the market, the speculators tend to hoard the concerned commodities and hence artificially drive up the prices. As a result of these speculative activities of major market players, the volatility of the underlying spot market for those commodities also increases sharply. Unlike as claimed, the trading opportunities are generally monopolized by large traders/farmers, and
give a little space for others to take part in the commodity market.
In the wake of consistent rise in rate of inflation started during the first quarter of calendar year 2007 and responding to the concerns expressed at various fora and by various opinions, period may be due to rebound/recovery of the past trend of relatively low agricultural prices observed during the pre-futures era. At the same time, they have also stated that the period during which futures trading has been in operation in India is too short to discriminate adequately between the effect of initiating futures trading and a normal cyclical adjustment.
Many of the myths surrounding trading in commodity derivatives in developing markets like in India arise out of widespread volume of speculation in such trading.
Perception of common people about speculation is not different from that of gambling. In other words, general people normally fail to differentiate between allowing speculation and allowing the market players to manipulate the market. Therefore it is very important to understand the distinction between speculation, and gambling or manipulation. Even if the nature of any transaction by way of speculation, or gambling, or manipulation looks same, but their purpose can be clearly distinguishable from each other. Even if the motivation for both speculation and gambling are ultimately profit driven, but the very basic difference between these two is that, speculators intend to take the risk which is already there in the market, whereas gamblers create the risk just to satisfy their requirement. The success of a gambler is purely a matter of chance, where the successfulness of any speculative movement depends on the market knowledge, intelligence, and forecasting capability of the speculator.
Gambling can not be considered as an economic function and has no role in making a market, whereas speculation plays an important role in market making, especially a new market. A speculator seeks profit from any expected price change due to anticipated change in the demand and supply of the underlying asset or commodity. On the other hand, a manipulator also attempts to make a profit, but by forcing the price to change in his favorable direction, without justifying the prevailing demand-supply equation in the market.
The prevalent influence of commodity futures trading in intensifying the price inflation in India can be primarily tested through the co-movement of Indian price indices, viz. Wholesale Price Index (WPI) and Consumer Price Index (CPI) with the total traded value of commodity futures trading in India. The comovement of these two price indices with the growing size of commodity futures trading can be reflected through the concerned figure ( Figure: F4) . Given the fact that there is an upward co-movement, reflecting the influence of commodity futures trading on rising inflation, the influence is essentially expected to be temporal in nature and it will be quite extraneous to blame the growth of commodity futures market for such inflationary situation. There are several other which can also be significantly accounted for such rising inflation in Indian economy. things that need to be ensured are the presence of an efficient spot market and an effective Risk Management and Regulatory framework. There is no dilemma among the market players that the underlying commodity market in India has large number of infirmities. The presence of these infirmities will lead to various difficulties in the functioning of commodity futures markets. There is no doubt that the futures markets can act as a catalyst of change for spot markets, but whenever futures markets grows faster than the under developed spot market, the gap between the two gets widened thereby exposing the futures market to criticism of being driven by speculators, even if closely regulated by the concerned regulatory bodies (Abhijit Sen 2008).
Overview of the Present Study
Given the above perspective of commodity futures, an attempt has been made to The rest of this paper is organized as follows: Section 2 presents a brief review of existing literature relevant to this study and pointed out the possible efforts achieved through this study. The details of data used and a comprehensive description of the methods and the tests applied in this study are presented in Section 3. The analysis of major empirical findings is shown in Section 4, followed by the conclusion in Section 5.
II. REVIEW OF LITERATURE
As far as the temporal relationship among the spot and derivatives viz. futures and options market is concerned, several studies have attempted to examine the lead-lag relationship between the spot and the futures market, pertaining to various underlying asset such as equity, commodity, foreign currency, etc., both in terms of return and / or volatility.
An attempt has been made to review the existing literature on the concerned topic based on the nature of asset considered in the study, such as agricultural and non-agricultural commodity, equity products, etc. There is a vast amount of literature on the concerned subject considering the equity segment of the financial market. Even if considerable amount of work has also done on world-wide commodity market, it is comparatively less in case of agricultural commodities, especially in agricultural based economy like India, and also during the pre-mature phase of futures market, especially during a period of severe inflationary pressure. In such circumstances, this study carries a significant importance to re-look on the impact of futures contract on the underlying agricultural commodity market in India. Therefore, the broad objectives of this study are: The exact period may vary for different commodities, depending on the availability of trading information. In case there are more than one trading prices, the last price, or the closing price is considered for the study. If there is any missing observation, due to non-trading, in any day and in any of the market, the common practice is to remove that specific interval (s) from the sample and therefore has been applied here also.
The commodities considered here are agricultural commodities from all the major categories (Spices, Pulses, Cereals, OIL and Oil Seeds, and Others), as specified by the Daily Price Return on all the commodities, both in spot and futures market, is defined as usual, i.e., the first difference in the log of commodity price, such
. P represents the daily price information of the respective commodities, in Spot (S) or Futures (F) market.
Methodology for Testing Return and / or Volatility Interdependence
Most of the previous studies revealed the fact that spot and derivatives, viz. futures 
1.
Descriptive Statistical Measures, basically consist of Mean, Median, Mode, Range, Standard Deviation, Skewness, Kurtosis, etc., can successfully describe the basic properties of an univariate data and to understand the probability distribution of the concerned series.
2.
A financial variable is said to be Non-stationary when there is no tendency for the variable to revert back to a trend value due to the property of random walk.
3.
Random Walk means the random movement of the prices of a certain financial asset, where the current price information can not be used to predict the future prices of that asset. This property is best captured by a Financial Theory known as Random Walk Hypothesis
4.
In 
The unit root test is then carried out under the null hypothesis γ = 1 against the alternative hypothesis of γ < 1. Once the value for the test statistic
is computed, it can be compared to the relevant critical value for the Dickey-Fuller Test. If the test statistic is less than the critical value then the null hypothesis of γ = 1 is rejected and no unit root is present and the series become stationary.
Stationarity test is important because regressing one non-stationary series on another may produce some spurious results. Therefore, the variables expected to be used in a regression model should posses stationarity. Even if most of the underlying price series are found to be non-stationary, i.e. I (1), their first difference, i.e. the price returns are found to be stationary, i.e. I (0). Therefore, price returns, not the actual prices, are considered to test the interrelationship among the spot and futures market.
On the other hand, test of Heteroscedasticity is required to understand the nature of the variance or deviations of the concerned return series. A return series is said to be Homoscedastic, when its variance is found to be constant over a specific period of time. In order to identify the significant number of lags required to be included in any autoregressive model, an effort has been made to apply the test of Autocorrelation and Partial Autocorrelation 6 . These functions play an important role in data analyses, aimed at identifying the extent of the lag in an autoregressive model. On the other hand, while capturing the interrelationship between two markets, it is also primarily important to know the significant time lag within which the information contained in one price can affect the price available in other market. Alternatively, it is important to capture the actual number of days within which the information successfully flows between two markets. A cross-
5.
ARCH-LM and White test of Heteroscedasticity establishes whether the residual variance of a variable in a regression model is constant or homoscedastic. ARCH-LM test statistic is computed from a regression where the squared residuals are regressed on a constant and lagged squared residuals up to order q. The null hypothesis of no ARCH effect is verified through the Engle's LM test statistic (Obs.×R 2 ) and the F-statistic. In White's test, to test for constant variance, the squared residuals from a regression model is regressed on the squared regressors and all possible cross product of the regressors. Then the H 0 of Homoscedasticity is accepted or rejected depending on the F-stat and the R Autocorrelation is a mathematical representation of the degree of similarity between a given time series and a lagged version of itself over successive time intervals. It is also referred to as "lagged correlation" or "serial correlation". It is a mathematical tool for finding repeating patterns, such as the presence of a periodic signal which has been buried under noise. Similarly, the partial autocorrelation at lag k is the autocorrelation between X t and X t-k that is not accounted for by lags 1 through k-1. Specifically, partial autocorrelations are useful in identifying the order of an autoregressive model. After attempting all the primary tests, as described in the above section, the next step is to capture the interrelationship between the spot and futures market, for the selected agricultural commodities, through different modeling framework.
Multiple Regression Analysis:
Two multiple regression equations can be framed in line with the above requirement to test the return and / or volatility interdependence between the spot and futures market in Indian commodity sector. The equations used here are such that:
In order to get the length of lags (i.e.,β -k ) and the length of lead (i.e., β +k ), cross correlation coefficient, between the current cash returns ( t s R , ) and lagged futures return ( R , ), can be examined. Significant number of lead or lag can be decided through the t-test, where the asymptotic standard errors for the cross-correlation coefficients is approximated as the square root of the reciprocal of number of observations included in the sample [Chan Kolak (1992) ].
8.
Engle-Granger test of co-integration deals with testing whether the residuals derived from the equilibrium equation (
) is I (0). If DF and ADF tests confirm that the residual series is stationary, then X and Y series are said to be co-integrated. 9. The residuals from the equilibrium equation of spot and futures prices, lagged by one period, is considered to be the Error Correction Term, such that
The first equation is used to test the return interdependence, whereas the second equation is used to test both the return and volatility interdependence among the spot and futures market in Indian commodity sector. then it can be inferred that the two markets react simultaneously to most of the information.
Along with the highest value of the contemporaneous coefficient (s), if both the lead and lag coefficients are found to be significant, then neither market can said to significantly lead the other and therefore both the markets are proved to be informationally efficient. White's (1980) procedure allows estimating the regression using least squares, but then computes a consistent estimate of the covariance matrix allowing for hetroscedasticity that will lead to change the standard errors and therefore the t-statistics, not the coefficients or the joint test statistic like F-stat.
The second framework, adopted to test the interrelationship among the spot and futures market, is the Vector Auto Regression 11 (VAR) model that can successfully capture the simultaneous relation between two time series variables by using their own lagged values.
The model to capture the return interdependence is such that or volatility spillover between two markets is captured in the following framework:
Where σ represent the volatility measure. The suffix S and F respectively represent the spot and Futures market. The residual series derived from a simple OLS model and the GARCH variance series derived from a GARCH (1, 1) model are used as the proxies to capture the volatility in spot and futures market. In the both the cases, an AR (2) framework is adopted to generate the volatility series separately in spot and futures market. Like in the previous
11.
Vector autoregression (VAR) is an econometric model used to capture the evolution and the interdependencies between multiple time series, generalizing the univariate AR models. All the variables in a VAR are treated symmetrically by including for each variable an equation explaining its evolution based on its own lags and the lags of all the other variables in the model. Based on this feature, Christopher Sims advocates the use of VAR models as a theory-free method to estimate economic relationships among variables.
framework, a lag-length of 2 (both for p and q) is considered to test the volatility interdependence.
In support of the above simultaneous relation among the spot and futures market return and volatility, Granger Causality Test 12 in VAR (p, q) framework is also performed to understand the cause and effect relation among both the endogenous variables (spot and futures).
GARCH (1, 1) Analysis:
In addition to the above analysis, another attempt has been made to test the return and volatility interdependence, or in other words, return and volatility spillover among the spot and futures commodity market through a simple GARCH (1, 1) 13 model. The GARCH model, considering both return and volatility spillover, is such that 
12.
The Granger Causality test has been applied through a near-VAR approach. Here a pairwise Granger causality test is carried out to verify whether an endogenous variable can be treated as exogenous. This test produces, for each equation in the VAR, the Chi-square (Wald) statistics for the joint significance of each of the other lagged endogenous variables in that framework
13.
Even if there is a family of ARCH models with various order specifications, GARCH (1, 1) is considered to be the most parsimonious to successfully capture the GARCH effect in the variance series of the concerned financial asset return.
Apart from the exhibiting the significance of the individual coefficients in all the aforesaid models, it is also tried to test the joint statistical significance of the related variables involved in any equational setup to ensure the effectiveness of all the related forces together.
In this context, F-statistic and Log Likelihood Ratio statistic
14 are calculated to test the joint significance of the lead and / or lagged variables (return and / or volatility) in commodity futures market in establishing the interrelationship with the underlying spot market.
IV. EMPIRICAL FINDINGS
In order to establish the impact of futures trading on agricultural commodity sector in India, an attempt has been made to present the empirical analysis in two different subsections called Primary Analysis and Core Analysis. The results of preliminary analysis is discussed first, followed by the Therefore the first part of this section deals with the findings of some preliminary analysis, subsequently followed by the core analysis.
Preliminary Analysis
The descriptive statistics of daily price as well as of daily return series of the selected agricultural commodities traded both in spot and futures segment at NCDEX, reported in Table T4 , can be primarily used to understand the basic statistical properties of the concerned price and return variables. The table clearly shows that even if the average daily return of all the commodities in both spot and futures market are positive and almost close to zero, the range between maximum and minimum return lies within the range of 0.16 -1.66 in spot market and of 0.11 -1.76 in futures market. But the range of two extreme returns for almost all the commodities is comparatively narrow in the futures market, reflecting a lower variation in the commodity futures market in India. The similar conclusion can also be drawn from the standard deviation values which also support the fact that the volatility is comparatively lower, or at least equal, in the commodity futures market. In regards to the return distribution, most of the return series are not highly skewed but possess excess kurtosis
14.
The redundancy of the lead or lagged return and volatility in commodity futures market in explaining the spot market return and / or volatility movement is jointly examined by the F test Log Likelihood Ratio test under the null hypothesis that all the values of respective coefficients are jointly equal to zero.
up to a large extent, reflecting a possibility of again a large variation and the results are mixed among the commodities and also between the spot and futures market.
The results of Augmented Dickey-Fuller Test to examine the stationarity property of the spot and futures price and return series of the selected commodities are summarized in the table Table T5 . The significance of the ADF statistics clearly shows that the price series, i.e.
the price levels, of none of the selected commodities are found to be stationery. But the first difference of the price series, i.e. the price returns, in both the markets and for all the nine commodities are found to be stationary at maximum level (1%) of significance. Therefore, given the fact that differencing of the levels may lead to loose certain information, the whole exercise of establishing the interrelationship between the spot and futures markets would be based on the price returns, rather the price itself. At the same time, the last column of the same table contains the ADF statistics and their significance of the residuals between the spot and futures returns of the selected commodities. The significance (at 1% level) of all the Engel-Granger test-statistic confirms that the spot and futures returns in Indian agricultural commodity market are highly co-integrated in the long run. Accordingly, the effect of such cointegration between the two markets has been incorporated in the core analysis.
The result of testing time-dependent variance, i.e. test of heteroscedasticity, of the return series of all the selected commodities, both in spot and futures markets, is tabulated in the table Table T6 . The results are quite mixed within the commodities, markets (spot or futures), and also among two different tests. But at least 50 percent of the selected commodities, in either of the markets, posses the heteroscedasticity feature as per either of the two tests. Therefore, keeping in mind that most of the financial asset returns, in general, are heteroscedastic, an effort has been made to do the final analysis both in consideration with and in absence of this statistical property.
The autocorrelation and partial autocorrelation test is carried out to identify the appropriate lags of say p in an AR (p) model, by considering a maximum of 10 lags selected arbitrarily. The results, not presented in the study, clearly shows that most of the commodity return series, both in spot and futures market, fails to possess a significant autocorrelation or partial auto correlation beyond two lags. But the results are not consistent for all commodities. Therefore, in the subsequent analysis an autoregressive lag of 2 is considered for all the return series, irrespective of the actual as depicted by the concerned test. On the other hand, the result of cross-correlation test considering an arbitrary lead and lag of ten, not presented in the study, also depict some mixed result in regard to the significant number of leads or lags for the selected nine commodities. But at the same time, there is a consistent fact that, other than the contemporaneous relation, at least one lead and lag are found to be significant for all the commodities, whereas two lead and or lag have also shown the necessary significance for some of the commodities. Irrespective of the significance of the cross correlation coefficients both at the necessary leads and lags, the cross correlation values between the current spot returns and lagged futures return shows comparatively higher significance for most of the selected commodities. These results also primarily exhibit the efficiency of commodity futures market in India in disseminating the information faster than the spot market, which may ultimately expected to transform the spot market in more stable and efficient manner.
Core Analysis:
The impact of financial futures on agricultural commodity market in India is basically analyzed through capturing the interrelationship between the spot and futures market. The impact can be estimated both on the returns and volatility of returns. Comparison of daily standard deviation of prices, as a proxy for the volatility, of a list of commodities on which futures contracts are traded is exhibited in Table T7 . The daily volatility figures, both before and after the introduction of futures contract, clearly depicts the fact that the price volatility for most of the selected agricultural commodities were higher during the pre-futures period and have been significantly reduced after being listed in the commodity futures market. In other words, the underlying market has been found to be stabilized, for most of the commodities, after the initiation of futures trading. The core findings of the study are discussed in the following three sub sections as captured through three different modeling frameworks.
Results of Multiple Regression Analysis:
The results of co-movement or alternatively called lead-lag relationship among the spot and futures markets, as captured in the multiple regression framework, are tabulated in Table T8 and Table T9 . Given due importance to the changing nature of residuals or variance, the regression analysis is done both with and without the necessary correction for hetroscedasticity. The regression results derived through the framework with White's correction are only depicted here. The first table (Table T8 ) deals with the spot and futures returns, where the daily spot return is regressed on its own lagged (2 days) returns, and the past and future futures returns. On the other hand Table T9 exhibits the results where an attempt has been made to capture the impact of both futures return and volatility on the movement of spot market return in agricultural commodity sector. A lagged error correction term is also included in both the cases to incorporate the impact of cointegration among the spot and futures returns, as proved by the ADF Unit Root test on the residuals depicted in This suggests a very strong impact of lagged futures return on the current return of spot market. Similarly, the lead coefficients are also found to be significant but mostly up to the first lag, except for Chana, Mastard Seed and Jeera where the lead futures return are at least equivalently stronger to influence the spot market. Therefore, there are some cases, where the information also flows from spot to futures market. Irrespective of the statistical significance of individual lead and lag coefficients, the joint significance test, as revealed by the F-statistic and Log-Likelihood Ratio statistic in the last two columns of Table T8 , clearly supports the strong relevance of lagged futures return in explaining the movement of spot market return in Indian agricultural commodity sector. The impact of futures market volatility on the spot market return, as exhibited in Table T9 , is not found to be very significant in most of the selected commodities. Futures return volatility is found to have a contemporaneous impact on the spot return only in case of Chilli, Jeera, and Soya Oil. Whereas the lagged futures return volatility shows some significant impact in case of Jeera and Soya Oil. Therefore, there is a significant volatility spillover from futures to spot market in case of these two commodities.
On the other hand, the volatility spillover from spot to futures market, as supported by the significance of the lead futures volatility coefficient, has been seen only in case of Castor Seed and Soya Oil. Therefore the futures return volatility affecting the spot return is found to be strongest in case of Soya Oil. It is surprisingly being seen that there is no significant leadlag relationship between the spot and futures market in case of Castor Seed. Both the market for this commodity reacts simultaneously. In regards to the joint significance of both return and volatility in futures market, after the contemporaneous figures, the lagged futures coefficients are found to be stronger for almost all the commodities except in case of Soya Oil.
Results of Vector Auto Regression Analysis:
The above results of a multiple regression equation on the lead-lag relationship among the spot and futures returns and volatility of returns are also supported by a bi-variate VAR (p, q) model where the number of lags selected for both the variable are two, as supported by the correlation tests. The VAR results among the spot and futures returns, and among the volatility of such returns are respectively reported in Table T10 , and in Table T11 and T12.
While capturing the volatility interdependence between the spot and futures markets under the VAR framework, an effort has been made to use two proxy measure of volatility viz. the residuals derived from the simple OLS method on return series, and the residuals derived Similarly, the results of volatility interdependence between the spot and futures markets, in the VAR framework, are tabulated in Table T11 and T12. These results are little different from that of the multiple regression analysis. Here, the variables both in spot and futures market are the volatility of returns represented by two different proxy measures as defined in the above section. Unlike in case of return interdependence, the interdependence between the return volatility in spot and futures market are found to be mixed in nature depending on the proxy volatility measure used in the VAR framework. The results depicted
in Table T11 shows bi-directional volatility spillover for more than 50 percent of the selected Table T12 where the GARCH residuals are considered as the proxy volatility measure. This significant divergence in the results of similar analysis may be attributed to the use of GARCH residuals as the proxy measure of volatility. Since the assumption of time variant volatility is more valid in financial time series, the result depicted in Table T12 may considered to be more robust and practical. As per this table, the bidirectional volatility spillover has been observed strongly in case of Pepper, and weakly in case of Mentha Oil. At the same time, the unidirectional volatility spillover from futures to the spot market has been found to be significant only in case of Chilli and Jeera. Apart from the individual significance of these lag coefficients both the markets in explaining the movement of the other markets, the Granger Causality test reveals a bi-directional causation for one-third of the selected commodities, viz. Chana, Pepper, and Mentha Oil. Similarly, the futures market volatility found to have a significant causation on the volatility of the spot market for Chilli and Jeera. But in case of Mastard Seed, the spot market has found to be stronger in affecting the volatility of the futures market. In support with the individual test of significance, the Granger Causality test also rejects any causation between the spot and futures markets for one-third of the commodities, viz. Wheat, Castor Seed, and Soya Oil.
Above all, the results of these two tables clearly indicate that the selection of proxy measure of volatility plays a very important role in capturing the volatility interdependence between two segments of the financial markets.
Results of GARCH Analysis:
Apart from examining separately the return and volatility interdependence between the spot and futures markets for the selected agricultural commodities in India, an effort has also been made to capture the complete linkages, both in returns and volatility of returns, in a well known GARCH (1, 1) The results are tabulated in Table T13 . Agriculture, value added (% of GDP) 
Conditional Variance Equation:
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